INTRODUCTION
Magnetic resonance imaging (MRI) has been used to examine the impact of human immunodeficiency virus (HIV) on the central nervous system (CNS) since the beginning of the disease. Consequently, our understanding of the evolution and progression of CNS injury in the context of HIV has grown tremendously. However, the specific role of imaging over the years has yet to be realized in the current era of treatment where many questions remain regarding the evolution and progression of HIV-associated CNS injury. White matter abnormalities are frequently seen on brain MRI of HIV positive (HIV+) patients. We aimed to determine the
Imaging analysis and diagnostic criteria (DC) of Brain lesions

Acquired Toxoplasma encephalitis
This is characterised by fever, malaise, headache, personality changes and seizures at later stages. DC-Illdefined hypointense lesions (occasionally hyperintense) on T1W1. Hypointense and hyperintense peripheral edema on T2W. 1 Target sign in FLAIR. Increased diffusivity in necrotic centre on DWI. Rim/ Nodular/ Punctate enhancement. Prominent lipid peak on MRS.
Acquired CMV Encephalitis
May present as Meningitis, Encephalitis, Ventriculitis, Transverse myelitis, Radiculomyelitis and chorioretinities. DC: on T1W1 Encephalitis: Hypointense mass, Ventriculitis: enlarged ventricles with debris level. On T2W1 and FLAIR, Encephalitis: hypointense periventricular mass, Ventriculitis: enlarged ventricles with surrounding hyper intensity. Enhancement exhibited only with necrosis/ encephalitis. Ependymal and periventricular enhancement inVentriculitis. Necrotising encephalitis may show increase in choline, Increase in lactate peak in MRS. 2 
HIV encephalitis DC
This is characterised by focal abnormalities of increased T2 signal intensity or diffuse moderate high signal intensity WM changes. FLAIR can pick <2 cm lesions. Cerebral atrophy. No enhancement on PCI. Decrease NAA and increase choline peak on MRS. 3 
Cryptococcosis
It usually spread along perivascular spaces in CNShaematogenous dissemination from lungs. Headache most common symptom. DC: Perivascular spaces are filled with fungi, isointense to CSF on T2W1. FLAIR may exhibit small hyperintense rim in these lesions. These cysts also may form gelateneous pseudocysts (hyperintense) in basal ganglia, thalamus, brainstem, cerebellum, periventricular and subcortical WM. Rarely military or leptomeningeal enhancing nodules seen. 4 
Progressive multifocal leukoencephalopathy
This is seen when JC virus infects oligodendrocytes, causes demyelination in immunocompromised patients. DC: Aggressive and burnt out PML lesions appear hypointense on T1W1. On FLAIR and T2W1, hyperintense lesions predominantly involve the subcortical U-fibres and periventricular WM. Only new lesions exhibit slightly restricted diffusion. Faint peripheral enhancement rarely seen in patients with long time survival and patchy enhancement may be seen in IRIS (PML-IRIS). On MRS, decreased NAA peak and increased lactate, choline and lipid peaks. 5 
Immune reconstitution inflammatory syndrome
This is characterised by Atypical / worsening opportunistic infection in HIV/AIDS patients following commencement of HAART (1/4th cases), JC virus and Mycobacterium Tuberculus being common. DC: Hypointense T1W1 and hyperintense on T2W1 lesions increase in size, enlarge and become confluent, exert mass effect (PML IRIS) and increase edema around the tuberculomas (TB IRIS) seen. Patchy atypical enhancement (PML IRIS), increase in size of ring / nodular enhancing tuberculomas with increase pial enhancement (TB IRIS) and increase nodular meningeal/ subependymal enhancement with increase in size of gelatinous pseudocysts (Crypto-IRIS). 6 
Primary CNS lymphoma (PCNSL): diagnostic criteria
Isointense to hypointense to cortex on T1 and T2W1 with mild surrounding edema. May appear heterogeneous on T2W1 due to haemorrhage /necrosis. Variable restricted diffusion and peripheral enhancement if central necrosis. Decrease NAA, increase choline on MRS.
7-9
Ischemic stroke/infarct
In HIV patients, the coagulation necrosis is due to vasculopathy and mass affect.
10 DC: FLAIR -most sensitive. Restricted diffusion may be diagnostic. Blood degradation products in GRE sequences. Relative age of a cerebral infarct can be determined with post contrast studies -intravascular contrast enhancements (immediate) Meningeal enhancement adjacent to infarct (12-24 hours), Early parenchymal contrast enhancement seem (1-3 days), Intravascular and meningeal enhancement begin decreasing (4-7 days) and intravascular and meningeal enhancement disappear with striking parenchymal contranst enhancement.
11-13
Neurocysticercosis
Immunocompromised patients are prone to Taenia Solium. Clinically it may present with headache, seizure or hydrocephalous. DC as per 4 developmental stages.
14 On T1WI, T2WI and FLAIR: Vesicular-Isointense to CSF cystic lesion with ± discrete eccentric T1hyperintense scolex. Colloid vesicular -Cyst mildly hyperintense to CSF. Granular nodular -Cyst wall is thickened and retracted. Edema decreases. Nodular calcified-Shrunken lesion. GRE sequences are useful to pick calcified scolex. Enhancement is seen -scolex in Vesicular, thick cyst wall and marginal nodule in Colloid vesicular and nodular or ring like enhancement of the thickened retracted cyst wall in Granular nodular. Few cases exhibit increased lactate, alanine, succinate, choline; decreased NAA and creatinine on MRS.
METHODS
Study design
All HIV positive patients on immunosurveillance admitted in Base Hospital, New Delhi, India, were included during 1yr study period from 01 st December 2013 to 30 th December 2014. Total of 28 patients have been evaluated, enrolled in this prospective descriptive study, conducted at tertiary care hospital.
Inclusion criteria
• Patient of either sex or all age group • Symptomatic patients presenting with headache, vomiting, seizure, altered mental status, neurological deficit, aphasia, altered mental status, dementia, meningism and visual impairment • Asymptomatic patients are those with CD4 count <200/ µL.
Exclusion criteria
Patients with cardiac pacemaker, metallic FB in eye, implants etc. 
Methodology
Clinical Assessment
Patients admitted with brain lesions were followed up from the beginning to study clinical pattern and to detect early deterioration. Age, gender, co-morbidity, coexistence of other major illness, alcohol consumption, history of ART, blood transfusion and low CD4 count were enquired into. Data collected from all patients meeting the inclusion criteria.
Imaging
MRI was conducted on GE HDX 1.5 Tesla machine. Image analysis was done using the image processor AW MR Advantage Windows 4.4 volume share, which has multiplanar reconstruction capability. Protocol of MRI sequences as per the standard parameter followed globally as shown in Table 1 .
RESULTS
Clinical presentation
Majority of patients presented with headache as main clinical symptom as in Figure 1 . Altered mental status and neurological deficit 27.6% and 20.7%, respectively, were two other symptoms following headache. Discrete and confluent lesions appearing hypointense/isointense in T2 and T1WI with some lesions appearing hyperintense on T2WI with perilesional edema seen in right lentiform nucleus, left centrum semiovale and at GW junction in bilateral frontal and right insular regions. PCI = ring/nodular enhancement. On MVMRS, lipid-lactate peak is noted with choline/creatine ratio= 0.9; and NAA/creatine ratio = 1.6. Out of 28 cases studied, 24 were symptomatic. Amongst these 24, the MRI findings correlated with the clinical picture in 18 (75%) cases. Stroke detected in 5 (17.8%) patients in total, out of which 4 (14.3%) were infarct and 1 (4.3%) haemorrhagic stroke. Cerebral and cerebellar atrophy were detected in 2 (7.14%) patients whereas non-specific white matter changes are seen in 2 (7.14%) patients. However, normal studies does not exclude pathology e.g. initial cryptococcal infection. Appearance of new brain lesions in a previously normal imaging study with initiation of HAART is seen with PML, TB, and cryptococosis. In PML IRIS, which is more common amongst the above three, may exhibit appearance of post contrast enhancement.
15
Brain atrophy
Brain atrophy was seen only in 2 (7.14%) cases in the present study Figure 9 . However, study in a year 1992 find brain atrophy in 7% cases and in another study 8.7% with neuroparanchymal symptoms.
16,17
NSWM NSWM was found in 2(7.1%) cases in our study in comparison to 7(34.8%) a study of 19 patients. 18 In another study, 84% of 50 HIV positive patients were neurologically asymptomatic and 16% had mild cognitive impairment.
19
PML
PML was found in 2 (7.1%) in the present study as shown in Figure 4 . In another study which showed decrease in incidence with HAART. 20 In another study, 27% of the HIV positive patients developed PML. This study concluded a 12-fold increase in the frequency of PML between 1981-84 and 1991-94. 21 
PCNSL
This was found in 3.5% case in the present study. In a comparative study with CT and MRI, 82 lesions were identified with MRI findings in 22 patients. 22 In another study, 6% of HIV positive patients were diagnosed as having CNS lymphoma. 23 In another study, out of suspected PCNSL cases, 42.6% of patients, histologic diagnosis made by brain biopsy. 24 
Toxoplasmosis
This was found in 2 (7.1%) cases in the present study as shown in Figure 3 . One of the studies with patients of CD4 counts below 50cells/µL, toxoplasmic encephalitis constitutes 19% of cases. 25 In another clinico-radiological study, 3 out of 49 patients had toxoplasmic encephalitis within a median interval of 369 days since the first diagnosis.
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HIV Encephalopathy
About 30% cases manifest disease characterized by progressive dementia followed later by pyramidal and cerebellar dysfunction. 27 Wherein, another study showed HIVE in 13 (5%) in evaluation of focal brain lesion. 28 In another study, 25 were detected to have HIV related encephalopathies in 60 HIV seropositive patients. 29 However the present study revealed single (3.6%) case as shown in Figure 5 .
CMVE
It was found in one case (3.6%) in the present study without ruling out HIVE co-infection. Concomitant infection of CMV with HIV is seen in 6 (19.4%) pts and one had necrotizing ependimitis and meningoencephalitis. 30 In a study with 35 patients, 19 had diffuse WM lesions of which 3 (8.57%) had CMVE. Ischemic and haemorrhagic stroke HIV associated vasculopathy was identified in 13 (20%) patients in one of the study. 32 In another study, the different mechanisms were worked out for different etiologies. Stroke mechanisms are variable in HIVinfected patients, with a relatively high incidence of vasculitis and hypercoagulability. 33 However only 4 cases (14.3%) diagnosed in the present study and one of the case was of RHD thus raising the possibility of embolic stroke. A single case (3.6%) of haemorrhagic stroke has been diagnosed during the study period.
Cryptococcosis
It was noticed that in 9 (36%) developed MRI +ve lesions in a study of microbiologically positive 25 patients. 34 In another study, out of 29 immunocompromised patients, 10 (34%) patients had been evaluated with abnormal MRI findings.
35
Neurocysticercosis
It was difficult to diagnose due to deranged immunological parameters. 36 A case study with 18 patients showed 12% of NCC, all presented with epileptic attacks. 34 In the present study, we came across 2cases (7.14%) as in Figure 6 .
Thus, in comparison to various studies conducted in different parts of the world, trends of various brain lesions in HIV positive patients are discussed. There is no significant increase in the incidence of brain atrophy over the years whereas incidence of non-specific white matter changes are definitely decreased. Use of newer MR parameters like MRS, diffusion tensor imaging, perfusion imaging etc, lesions are better characterised, and this may explain the decreasing trend in non-specific white matter changes. PML exhibits a decrease in incidence. Opportunistic infections appear to exhibit a decreasing trend except toxoplasmosis which shows a mildly increasing trend. Stroke, however, shows an increasing trend suggesting no significant effect of immunomodulation by ART. Lifestyle changes with comorbities like atherosclerosis, hypertension, obesity, diabetes etc may contribute to the increased incidence in HIV positive patients. Out of 28 cases only one (3.6%) case of malignancy was diagnosed. Out of 28 cases, 24 were symptomatic. Amongst these 24, the MRI findings correlated with the clinical picture in 18 (75%) cases. This is prospective study of small group of 28 HIV patients, however more study is needed and early detection by MRI is required in order to detect brain parenchymal changes in these patients.
CONCLUSION
MR imaging detected neuroparenchymal abnormality in 20 (71.4%), out of 28 HIV positive patients. There was no neuroparenchymal abnormality seen in the rest of the 08 patients. MRI thus has a good clinical utility in evaluation of neuroparenchyma in HIV positive patients.
The effects of HIV on the brain parenchyma, structural and functional, can be non-invasively assessed by MRI.
Positron emission tomography (PET) of glucose metabolism, neurotransmitter systems' abnormalities, or amyloid deposition could provide additional understanding of the neuropathophysiological changes associated with HIV.
Neuroimaging studies that are longitudinal; have larger sample sizes of both HIV infected (HIV+) and HIV uninfected (HIV-); and include HIV+ patients of different disease durations are needed. Novel neuroimaging methods could be added to current criteria for defining HIV associated parenchymal changes and neurocognitive disorders. These methods may also help in evaluating the efficacy of combination anti-retroviral therapy (cART) regimens.
